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Introduction
�Electromagneticsimulationofnextgenerationacceleratordesign(SciDAC)

�ModeledbyMaxwell’sequations

�����������	
in��

��	
onelectricboundary���

������	
onmagneticboundary��

�Ahierachicalvectorfiniteelementsdiscretizationschemeleadstoaverylarge

generalizedeigenvalueproblem

��	���
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Sub-structuring

�Basicidea:solvingalargeproblembybreakingitintofewsmallersub-structures.

�Commontechniqueforthestatic/dynamicpropertiesoflargeengineeringstructures.

�Anautomatedmulti-levelsub-structuring(AMLS)methodhasbeensuccessfullyapplied

forvibrationandacousticanalysisoflargeFEMproblems,andissignificantlyfaster

thanconventionalapproaches[Bennighofetal.].

�Ourgoal:examinetheaccuracyofsub-structuringmethodsforlarge-scaleeigenvalue

computationfromanalgebraicpointofview.
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Algebraicsub-structuringmethod
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"#diag$"%&"'&)(*,"+containsafeweigenvectorsof$-,++&).++*,computedinparallel!
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Howmanyeigenvectorsofsubmatricestoselect?

���and��consistofonlyafeweigenvectorsofsubproblems.

�Centralquestions:whatandhowmanyeigenmodesofsub-structurestocompute?

�Answer:Anewselectioncriterionistochoosethoseeigenmodesofsub-structures

suchthat

��������
	�
�	threshold�

where�����
	aretheeigenmodesofsub-structure�,

�����	
��
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��

���
��

���

and��isthedesiredeigenvalueof��� ��.
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CasestudyI:BCSTK,M09
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	�andtherelativeerroroftheapproximateeigenvalueswith172eigenvectorsfrom

eachsubproblem.
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CaseStudyI:Impactofthreshold�

�Therelativeerrorofthesmallest50eigenvaluesof��� ��.

05101520253035404550
10

−14

10
−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

j

|λ
j −θ

j |/|λ
j |

34
54
172

�34and54approximateeigenvaluesareobtainedbysettingthethresholdto�

��

and
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respectively.

�172approximateeigenvaluesareobtainedbysettingthethresholdto�

��

.
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CaseStudyII:Shorttravelingwaveacceleratingstructure
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5-celltravelingwaveacceleratingstructureandsparsityofFEMmatrices�and�.
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CaseStudyII:Nullspacedeflation
�Heirachicalvectorfiniteelementdiscretizationleadstosingular�.Deflationis

necessary.

�Thegeneralizedeigenvalueproblemisoftheform
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Weareonlyinterestedinthenon-zeroeigenvaluesandthecorrespondingeigenvectors.

�Applyingamodifiednesteddissectionreorderingto���toseparatenullspacesof

sub-structures:
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where��containsonlynon-zerorowsandcolumnsof���andnonsingular.
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�Thecongruenttransformisthendefinedby
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�Thenon-zeroeigenvaluesandthecorrespondingeigenvectorsofeachsub-structure

arecomputedfromthereducedproblem
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�Theprojectedeigenvalueproblemis
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CaseStudyII:Modeselectionandaccuracy
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The�-factorandtherelativeerroroftheapproximateeigenvalues.

�5digitsaccuracyofthesmallestnon-zeroeigenvalueifonly3eigenvectorsfromeach

sub-structure.

�Withthethreshold�	�

����

���,�
(�

)eigenvectorsareselectedfromeach

sub-structure.Therelativeerrorofsmallest50eigenvaluesareallbelow�

��(�

��

).
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Concludingremarksandfuturework
�Wehaveabetterunderstandingoftheaccuracyofthealgebraicsubstructuringmethod

forlargescaleeigenvaluecomputation.

�Anefficientnullspacedeflationschemeisdesignedandisextendabletomulti-level

substructures.

�Futureworkincludes:

–Apracticlewaytoselectthemostimportantmodesfromeachsub-structureinthe

absenceofafulldecompositionofsub-structure.

–Anefficientmethodtosolvealargenumberofnonzeroeigenvaluesinthepresence

ofalargenullspace.

–Preconditioningtechniques,suchasthedevelopmentofacongruenttransformto

makeclusteredspectralcomponentsofinterest.
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